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PROBLEM TO BE SOLVED: To provide a method of forming a high elect romigration-resis tance Cu 
wiring having a high adhesion to the base surface by the plating method. 

SOLUTION: A layer insulation film 10 is deposited on the surface of a substrate with a 
semiconductor element formed thereon, wiring trenches 11 are formed into the layer insulation 
film 10, a barrier layer 12 made of a material blocking Cu atoms from diffusing is deposited on 
the inner surfaces of the wiring trenches 11 and surface of the layer insulation film 10, an 
im purit y-contg. Cu seed layer 13 is deposited on the barrier layer 12 surface, a Cu conductive 
layer 14 is deposited by the plating to fully fill the wiring trenches, the substrate is heated 
to deposit an jjngurity of the seed layer 13 on at least the interface between the seed layer 13 
and barrier layer 12, and the conductive layer 14, seed layer 13 and barrier layer 12 are 
removed until the top face of the layer insulation film 10 appears, thus planarizing the 
surface. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device and its manufacture approach. 
[0002] 

[Description of the Prior Art] each component makes it detailed with an advance of the processing technique in large- 
scale semiconductor integrated circuit equipment (LSI) in recent years having wiring - densification it is 
multilayered and thin-film-ized. For this reason, the increment of the consistency of the current which flows the stress 
which joins wiring, and wiring is being enhanced, for example, the current density passed on a power-source line by 
LSI of a 0.3 5 -micrometer design rule when the typical logic LSI is considered - about - 1x105 A/cm2 it is - a thing - 
receiving — LSI of a 0.25-micrometer design rule - it ~ 3x105 A/cm2 up to - increasing - LSI of a 0.18-micrometer 
design rule - it - 1x106 A/cm2 up to ~ it increases. By the increment in current density, fracture of wiring by 
electromigration becomes a problem. 

[0003] Conventionally, aluminum (aluminum) has been used as a wiring material of LSI. The electromigration 
resistance of aluminum wiring was raised by adding impurities, such as Cu, Si, Ti, and Pd, to aluminum, or making the 
upper and lower sides of aluminum wiring layer into the laminated structure inserted in refractory metal layers, such as 
TiN, Ti, and TiW. 

[0004] However, a limitation is visible to using aluminum wiring with a limit of the signal propagation delay 
depending on the resistivity of aluminum, and the current density which can be passed to aluminum wiring. 
[0005] Cu attracts attention as a wiring material which replaces aluminum. Since the resistivity of Cu is lower than the 
resistivity of aluminum about 37%, the signal propagation delay resulting from electric resistance can be reduced. 
Moreover, the melting point of Cu is higher than aluminum, and since self-diffusion energy is also large, it is thought 
possible to raise the about single figure current density which can be passed to wiring compared with aluminum wiring. 

[0006] 

[Problem(s) to be Solved by the Invention] Since micro processing by dry etching is difficult for Cu, it is difficult to 
apply the processing approach used for formation of aluminum wiring, therefore, DAMASHIN which forms the slot for 
wiring in an interlayer insulation film, and embeds Cu at this Mizouchi - law attracts attention. To form Cu wiring by 
the DAMASHIN method, it is necessary to embed the beer hall of a high aspect ratio, and Mizouchi with sufficient 
repeatability, as this approach of embedding - the sputtering method, the galvanizing method, and chemical vapor 
deposition (CVD) - law is known. 

[0007] By the sputtering method, after depositing Cu film by sputtering, heat treatment of 350 degrees C or more is 
performed, and a beer hall and Mizouchi are embedded by Cu. By the sputtering method, since it is difficult to embed 
the slot of a high aspect ratio with sufficient repeatability, the embedding of the slot which is about one to 1 .5 aspect 
ratio is a limitation. 

[0008] In a CVD method, although it is possible to embed the slot of a high aspect ratio with sufficient repeatability, 
since the membranous growth rate is slow, generally a throughput is expected that are low and a production cost 
becomes high. 

[0009] By the galvanizing method, Mizouchi is embedded by galvanizing Cu. According to the electrolysis galvanizing 
method, since Cu ion in a plating solution can be drawn to the bottom of a slot, the slot which is a high aspect ratio can 
be embedded with sufficient repeatability. Moreover, since a membrane formation rate is also comparatively quick, it is 
suitable for mass production. 

[0010] However, since the galvanizing method is a wet process, it is expected that the adhesion on the front face of a 

substrate is also bad difficult to form Cu film of high quality with high electromigration resistance. 

[001 1] The purpose of this invention has the high adhesion on the front face of a substrate, and it is offering the 
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.semiconductor device which has Cu wiring with high electromigration resistance. 

[0012] Other purposes of this invention are offering the approach of the adhesion on the front face of a substrate being 
high, and forming Cu wiring with high electromigration resistance by the galvanizing method. - 
[0013] ' 

[Means for Solving the Problem] According to one viewpoint of this invention, they are the substrate which has an 
insulating front face, and wiring formed on said substrate. This wiring has the laminated structure of a barrier layer and 
Cu layer, and this barrier layer is formed with the ingredient which prevents the diffusion to the substrate substrate of 
Cu atom of said Cu layer. The semiconductor device which has said wiring with which the high impurity concentration 
is low as it separates from the interface of this Cu layer and a barrier layer is offered including the same impurity as the 
impurity which the impurity deposits in the interface of said barrier layer and Cu layer, and deposits in said interface in 
this Cu layer. 

[0014] Since the impurity deposits in the interface of a barrier layer and Cu layer, the adhesion of Cu layer to a barrier 
layer can be raised. Since the impurity same also in Cu layer is contained, electromigration resistance can be raised. 
Since high impurity concentration is low as it separates from an interface with a barrier layer in Cu layer, the fall of the 
electric resistance which is Cu layer can be controlled. 

[0015] The process which deposits an interlay er insulation film on the front face of the substrate with which the 
semiconductor device was formed according to other viewpoints of this invention, The process which deposits the 
barrier layer which consists of an ingredient which prevents diffusion of Cu atom on the inside of the process which 
forms the slot for wiring in said interlay er insulation film, and the slot for said wiring, and the front face of said 
interlayer insulation film, So that Mizouchi for said wiring may be filled the process which deposits the seed layer 
which consists of Cu containing an impurity on the front face of said barrier layer, and on said seed layer Until the 
process which deposits the conductive layer which consists of Cu by the galvanizing method, the process which said 
substrate is heated [ process ] and deposits the impurity in said seed layer in the interface of this seed layer and said 
barrier layer at least, and the top face of said interlayer insulation film are exposed Said conductive layer, a seed layer, 
and a barrier layer are removed, and the manufacture approach of a semiconductor device of having the process which 
carries out flattening of the front face is offered. 

[0016] The process which deposits an interlayer insulation film on the front face of the substrate with which the 
semiconductor device was formed according to other viewpoints of this invention, The process which deposits the 
barrier layer which consists of an ingredient which prevents diffusion of Cu atom on the inside of the process which 
forms the slot for wiring in said interlayer insulation film, and the slot for said wiring, and the front face of said 
interlayer insulation film, So that Mizouchi for said wiring may be filled the process which forms a laminated structure 
with the seed layer which consists of an impurity layer and Cu on the front face of said barrier layer, and on said 
laminated structure The process which deposits the conductive layer which consists of Cu by the galvanizing method, 
and the process which said substrate is heated [ process ], diffuses said impurity in said seed layer, and deposits the 
interface of said seed layer and said barrier layer at least, Said conductive layer, a laminated structure, and a barrier 
layer are removed, and the manufacture approach of a semiconductor device of having the process which carries out 
flattening of the front face is offered until the top face of said interlayer insulation film is exposed. 
[0017] Since an impurity is deposited in the interface of a barrier layer and a seed layer, the adhesion of the seed layer 
to a barrier layer can be raised. The same impurity is spread also in a conductive layer and it is thought that it deposits 
in the grain boundary of a conductive layer. For this reason, the electromigration resistance of a conductive layer can be 
raised. 
[0018] 

[Embodiment of the Invention] With reference to drawing 1 and drawing 2 , the formation approach of Cu wiring by 
the example of this invention is explained. 

[0019] As shown in drawing 1 (A), the lower layer wiring 2 is formed in some managements of the interlayer insulation 
film 1 formed on the front face of a semi-conductor substrate. On the front face of an interlayer insulation film 1 and 
the lower layer wiring 2, SiN film 3 with a thickness of 30nm is deposited by CVD. an SiN film 3 top - Si02 from - 
the interlayer insulation film 4 with a thin thickness of 500nm is deposited by CVD. SiN film 3 prevents that the metal 
atom which constitutes the lower layer wiring 2 is spread into an interlayer insulation film 4. 

[0020] As shown in drawin g 1 (B), the beer hall 5 which exposes a part of front face of the lower layer wiring 2 to an 
interlayer insulation film 4 and SiN film 3 is formed. On the inside of a beer hall 5, and'the front face of an interlayer 
insulation film 4, the barrier layer 6 with a thickness of 30nm it is thin from TiN is deposited. Deposition of the TiN 
layer 6 is Ar quantity-of-gas-flow lOsccm and N2 by reactant collimation sputtering which used for example, Ti target. 
It carries out on conditions with 8kW [ of high-frequency power for quantity-of-gas-flow 60sccm, pressure 4mTorr, 
and plasma generating ], and a substrate temperature of 300 degrees C. In addition, the aspect ratio of a collimator is set 
to 1:1, 



,[0021] On the barrier layer 6, the seed layer 7 with a thickness of 50nm it is thin from Cujwhich co ntai ns Sn 0.5% of 
the weight as an impurity is dep osited. Collimation sputtering using Cu target which contains Sn 0.5% of the weight as 
'an impurity performs deposition of theseed layer 7 on condition that lOkW of high-frequency power for Ar quantity - 
of-gas-flow 50sccm, pressure 2.5mTorr, and plasma generating, and a substrate temperature room temperature. In 
addition, the aspect ratio of a collimator is set to 1:1. 

[0022] On the seed layer 7, the seed layer 7 is used as an electrode and the conductive layer 8 which consists of Cu 
which does not contain an impurity by the electrolysis galvanizing method is deposited. A conductive layer 8 is taken 
as the thickness of extent which fills the inside of a beer hall 5. Ar and H2 of pressure lOOTorr Heat treatment for 15 
minutes is performed at the temperature of 400 degrees C in a mixed ambient atmosphere. 

[0023] Chemical machinery polish (CMP) is performed until the top face of an interlayer insulation film 4 is exposed, 
as shown in drawin g 1 (C), and the unnecessary barrier layer 6, the seed layer 7, and a conductive layer 8 are removed. 
Conductive plug 8a remains only in a beer hall 5. 

[0024] it is shown in drawin g 2 (A) ~ as - the front face of an interlayer insulation film 4 and conductive plug 8a - a 
wrap ~ like — Si02 from ~ the interlayer insulation film 10 with a thin thickness of 500nm is deposited. The slot 1 1 
which penetrates all the thickness parts to an interlayer insulation film 10 is formed. The front face of conductive plug 
8a is exposed to a part of base of a slot 1 1 . 

[0025] As shown in drawing 2 (B), it fills with the barrier layer 12 which consists the inside of a slot 1 1 of TiN, the 
seed layer 13 which consists of Cu which contains Sn as an impurity, and the conductive layer 14 which consists of Cu. 
This embedding is performed by the same approach as deposition of the barrier layer 6 explained by drawin g 1 (B), the 
seed layer 7, and a conductive layer 8, and CMP explained by drawin g 1 (C). Thus, the wiring 15 which consists of 
three layers, the barrier layer 12, the seed layer 13, and a conductive layer 14, is formed. Heat treatment for 15 minutes 
is performed at the temperature of 400 degrees C in the mixed ambient atmosphere of Ar and H2 of pressure lOOTorr. 
[0026] Drawing 3 (A) and drawing 3 (B) are drawings which expressed typically the cross section of the three-tiered 
structure to a conductive layer 14 from the barrier layer 12 before heat treatment and after heat treatment, respectively. 
[0027] As shown in drawin g 3 (A), the seed layer 13 and the conductive layer 14 are formed with two or more crystal 
grain. Impurity 13a is distributing to homogeneity mostly in the grain boundary in each crystal grain of the seed layer 
13 which formed membranes at the room temperature before heat treatment. 

[0028] If it heat-treats as shown in drawing 3 (B), the seed layer 13 and a conductive layer 14 will recrystallize, and 
both clear interface will be extinguished. Impurity 13a contained in the seed layer 13 at coincidence deposits in the 
interface of the seed layer 13 and the barrier layer 12, and the grain boundary in the seed layer 13 and a conductive 
layer 14. 

[0029] Since impurity 13a deposits in the interface of the barrier layer 12 and the seed layer 13, the adhesion of the 
seed layer 13 and the barrier layer 12 can be raised. 

[0030] If impurit yJ 3a deposits in the grain bo undary of thfL^eedJaye ^l 3 and a conductive layer ^migration of Cu 
atom by electromigration will be barred. For this reason, electromigration resistance can be raiseBTFor example, it is 
reported that the activation energy of a wiri n g life increases Sn to MeV by addiri£_(L5 % of the weight to the ac tivation^ 
jgnergjuittheWm MatR es . Soc . Sy mpJrc^d.,pJL226X In addition, 

there is also a reportlhaTthe activation energy oFa wiring fife Becomes high to 1 .4eV by using Zr as an impurity. 
[0031] Generally, unlike the case of aluminum, it is thought that the electromigration of Cu has interface diffusion 
more dominant than grain boundary diffusion with a barrier layer. According to the approach of the above-mentioned 
example, as shown in drawing 3 (B), impurity 13a can be deposited with the priority to the interface of the seed layer 

13 and the barrier layer 12. For this reason, the rise of the electric resistance of the seed layer 13 and a cond uctive layer 

14 .can be controlled, and electromig ration resistance ca n he raised, 

[0032] Although the above^mehtioned example explained the case where it heat-treated in the process shown in 
drawing 2 (B) after performing CMP, you may heat-treat, before performing CMP. Since the adhesion of the seed layer 
13 and the barrier layer 12 increases, peeling of wiring at the time of CMP is controlled by heat treatment. 
[0033] Next, other examples are explained with reference to drawing 4 . Although embedding of a beer hall and 
embedding of a wiring gutter were separately performed in the above-mentioned example, a beer hall and a wiring 
gutter are embedded in other examples at coincidence. 

[0034] Wiring 21 is formed in some managements of an interlayer insulation film 20 as shown in drawin g 4 (A), the 
front face of wiring 21 and an interlayer insulation film 20 - a wrap ~ like - Si02 from - the becoming interlayer 
insulation film 22 is deposited. Deposition of an interlayer insulation film 22 is performed by the same approach as 
deposition of the interlayer insulation film 4 shown in drawin g 1 (A). 

[0035] As shown in drawing 4 (B), the beer hall 23 which exposes a part of front face of wiring 21 to an interlayer 
insulation film 22 is formed. 

[0036] As shown in drawing 4 (C), the slot 25 for wiring which laps with a beer hall 23 partially is formed in an 



.interlayer insulation film 22. A slot 25 is shallower than the thickness of an interlayer insulation film 22. A beer hall 23 
carries out opening to a part of base of a slot 25. Formation of a beer hall 23 and a slot 25 is CF4 as etching gas. The 
used dry etching performs. 

[0037] As shown in drawing 4 (D), the BARUA layer 30 which consists of TiN, and the seed layer 31 which consists 
of Cu which contains Sn 0.5% of the weight are deposited in order on the inside of a beer hall 23 and a slot 25, and the 
front face of an interlayer insulation film 22. This deposition is performed by the same approach as deposition of the 
barrier layer 6 of drawin g 1 (B) 5 and the seed layer 7. On the seed layer 31, the conductive layer 32 which consists of 
Cu which does not contain an impurity is deposited. This deposition is performed by the same approach as deposition 
of the conductive layer 8 of drawing 1 (B). It is Ar and H2 of pressure lOOTorr like the case of drawing 1 (B) after 
deposition of a conductive layer 32. Heat treatment for 15 minutes is performed at the temperature of 400 degrees C in 
a mixed ambient atmosphere. 

[0038] As shown in drawin g 4 (E), CMP removes an unnecessary part among the laminated structures from the barrier 
layer 30 to a conductive layer 3, and flattening of the front face is carried out. Only in a beer hall 23 and a slot 25, 
barrier layer 30a, seed layer 31a, and conductive layer 32a remain. Thus, the wiring 35 which consists of barrier layer 
30a, seed layer 31a, and conductive layer 32a is formed. 

[0039] Also in other examples shown in drawing 4 , an impurity can be deposited in the interface of barrier layer 30a 
and seed layer 31a, and the adhesion and electromigration resistance of seed layer 31a and conductive layer 32a can be 
raised. 

[0040] In the above-mentioned example, in drawing 1 (B) and drawing 4 (D), although the barrier layers 6 and 30 were 
deposited by collimation sputtering, you may deposit by the other approaches. For example, you may deposit by 
sputtering with directivity, such as ionization sputtering, low voltage sputtering, and long distance sputtering. 
Moreover, although the case where TiN was used as a barrier layer was explained, the other ingredients which can 
prevent diffusion of Cu, for example, Ta, TaN, W, and WN, TiSiN, etc. may be used. 

[0041] In the above-mentioned example, in drawin g 1 (B) and drawing 4 (D), although the seed layers 7 and 31 were 
deposited by collimation sputtering, you may deposit by the other approaches. You may deposit by sputtering with 
above-mentioned directivity, and may deposit by organic metal chemical vapor deposition (MOCVD). The deposition 
by MOCVD is H2 as tetramethyl tin and carrier gas as a raw material of Cu (hfac) (tmvs) (copper-hexafluoro 
acetylacetonate-trimethyl vinylsilane) and Sn as for example, a Cu raw material. It can use and can carry out on 
condition that the substrate temperature of 170 degrees C, pressure lTorr, amount of feeding 0.3 g/min, and carrier gas 
flow rate 500sccm. 

[0042] Moreover, although the above-mentioned example explained the case where Sn was added as impurity 13a in 
the seed layer 13 of drawing 3 (A), precipitation-hardening mold impurities other than Sn, for example, Cr, Mg, Zr, Pd, 
aluminum, Ti, and Ag, may be added. 

[0043] Moreover, although the above-mentioned example explained the case where an impurity was included in a seed 
layer as shown in drawin g 3 (A), the laminating of the thin layer which consists of a seed layer and an impurity may be 
carried out. The sequence which carries out the laminating of two-layer [ this ] is arbitrary. 

[0044] Moreover, although the above-mentioned example explained the case where the conductive layers 8 and 32 of 
Cu were deposited with electrolysis plating, in drawing 1 (B) and drawing 4 (D), you may deposit with nonelectrolytic 
plating. 

[0045] Moreover, at the above-mentioned example, it is heat treatment in drawing 1 (B), drawing 2 (B), and drawin g 4 
(D) Ar and H2 Although carried out in the mixed ambient atmosphere, this is for preventing oxidation of Cu. 
Therefore, this heat treatment may be performed in a vacuum. At this time, it is desirable to set a pressure to 1x10 to 3 
or less Torrs. Moreover, in order to promote recrystallization of Cu, as for the temperature of heat treatment, it is 
desirable to consider as 300 degrees C or more. 

[0046] Drawin g 5 shows the sectional view of the semiconductor device which applied the formation approach of Cu 
wiring by the above-mentioned example. Field oxide 52 is formed in the front face of a silicon substrate 50, and the 
active region is demarcated. MOSFET51 is formed in the active region. On the front face of this substrate, the wiring 
layers 61 A-61E of five layers are formed. Each wiring layer is mutually insulated with interlayer insulation films 60A- 
60E, respectively. The wiring layers 61A-61E corresponding to each of interlayer insulation films 60A-60E and it are 
formed by the approach by the above-mentioned example or other examples. 

[0047] Since each wiring layers 61 A-61E are deposited by the galvanizing method, they can secure a high throughput. 
Moreover, since low resistance can be formed compared with aluminum wiring, signal velocity of propagation can be 
made quick and improvement in the speed of processing speed can be attained. Furthermore, since high 
electromigration resistance can be acquired, it becomes possible to raise dependability. 

[0048] Although this invention was explained in accordance with the example above, this invention is not restricted to 
these. For example, probably, it will be obvious to this contractor for various modification, amelioration, combination, 



, etc /to be possible. 
[0049] 

[Effect of the Invention] As explained above, according to this invention, the adhesion of Cu wiring and 
electromigration resistance can be raised by depositing an impurity in the interface of Cu wiring and a barrier layer. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damagejs caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view (the 1) of the wiring layer for explaining the formation approach of Cu wiring by 
the example of this invention. 

[Drawing 2] It is the sectional view (the 2) of the wiring layer for explaining the formation approach of Cu wiring by 
the example of this invention. 

[Drawing 3] It is drawing showing typically the cross section of the three-tiered structure of the barrier layer before 
heat treatment and after heat treatment, a seed layer, and a conductive layer. 

[Drawing 4] It is the sectional view of the wiring layer for explaining the formation approach of Cu wiring by other 
examples of this invention. 

[Drawing 5 ] It is the sectional view of the semiconductor device which applied the example or other examples of this 
invention. 

[Description of Notations] 

1,4, 10, 20, 22, 60A-60E Interlayer insulation film 

2 21 Lower layer wiring 

3 SiN Film 

5 23 Beer hall 

6, 12, 30 Barrier layer 

8 ? 14, 32 Conductive layer _ 
8a A conductive plug 
1 1 25 Slot 

1 3a Precipitation-hardening mold impurity 
15 35 Wiring 

50 Silicon Substrate 

51 MOSFET 

52 Field Oxide 
61A-61E Wiring layer 
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